Introduction
Antiphospholipid syndrome (APS), also known as Hughes syndrome, is a multisystemic autoimmune
Circulating Immune Complexes of IgA Bound to Beta 2 Glycoprotein are Strongly Associated with the Occurrence of Acute Thrombotic Events
of patients developed thrombotic events--12% in renal transplant patients during the first year 13) and approximately 50% in patients on dialysis within two years 11, 17) . Therefore, new biomarkers are needed to identify which patients have a higher risk of thrombosis 16, 18) . The presence of circulating immune complexes (CIC) of B2GPI and antibodies (IgG and IgM) in APS patients has been reported 19) although they were not associated with the occurrence of thrombotic events 20) . We recently described a new method to detect specific CIC of IgA bounded to B2GPI (B2A-CIC) demonstrating its presence in patients positive only for IgA aB2GPI antibodies 21) . In the present study, we show for the first time that the presence of B2A-CIC identifies a subgroup of patients prone to develop thrombosis.
Patients and Methods
Study Design. 1. A cross-sectional study conducted to determine the presence of IgA-B2GPI immune complexes and their association with recent and older thrombotic events in patients positive only for IgA anti-B2GPI (negative for other aPL).
2. A prospective study of B2A-CIC short-term evolution in patients with recent thrombotic events.
The study complies with the Spanish legislation and European Community directives.
Patients
All patients positive only for IgA aB2GPI and negative for other aPL: aCL, IgG, IgA or IgM, and aB2GPI, IgG or IgM were recruited during one year (ending on November 30, 2014) from those referred by their physicians for aPL study to the Hospital 12 de Octubre Immunology Department. These patients were separated in two groups:
Group-1. Twenty-two patients positive for IgA aB2GPI-ab with recent thrombotic events consistent with APS clinical characteristics (supplementary Table 1 ) in the 30 days before aPL determination. Sera were evaluated for presence of aPL immediately after the event (mean 9.8 2.2 days). All the serum samples were evaluated in the first month.
The mean age was 68.5 2.4 years; 11 (50%) were male. One patient (4.5%) had an autoimmune disease and is consistent with secondary APS (S-APS). The rest of the patients were patients consistent with a diagnosis of primary APS (P-APS). Clinical characteristics are described on Table 1 . 21 (95.4%) were Caucasians and 1 (4.6%) was east-African.
Group-2. Seventy-three patients positive for IgA deaths of a normal fetus and premature births due to eclampsia and pre-eclampsia of placental insufficiency 2, 3) . There are three different APS disease entities: primary (P-APS, without other concurrent morbidity), secondary to a pre-existing systemic autoimmune disease (S-APS), and catastrophic, consisting of multiple organ thrombosis with simultaneous multiorgan failure and a mortality rate close to 50% 4) . The aPL are a heterogeneous antibody group that can be directed against phospholipids, phospholipids -plasma proteins complexes or, mainly, phospholipid binding proteins. Antigens recognized by aPL can be located in plasma or associated with anionic phospholipids on plasma membranes of endothelial cells, platelets and other cells related with the coagulation system 5, 6) . International consensus accepted aPL for APS diagnosis are lupus anticoagulant (LA), anticardiolipin antibodies (aCL) of IgG and IgM isotypes, and anti-beta-2-glycoprotein I antibodies (aB2GPI) of IgG and IgM isotypes 2, 5) . Although anti-B2GPI antibodies of IgA isotype are not included in the laboratory criteria for APS defined in 2004 due to controversial results 2) , in the same meeting researchers were encouraged to clarify its role in the APS 6) . In the last few years, the clinical relevance of IgA aB2GPI has increased 7, 8) and at the 13th International Congress on Antiphospholipid Antibodies (2010, Galveston, TX), the task force recommended testing for IgA aB2GPI in cases negative for IgG and IgM where APS is still suspected 9) . This determination has allowed for great diagnostic utility in patients with APS symptomatology negative for consensus aPL (APS-like patients) 9) , lupus erythematosus 10) , thrombosis in chronic kidney disease 11, 12) , or early graft loss of transplanted kidneys 13) . While most of the antibodies detected in autoimmune diseases are not the direct cause of disease, aPL of IgG, IgM 14) , and IgA 8) isotype are directly pathogenic. However, the presence of aPL is necessary, but not sufficient, to produce an APS event, so an additional trigger is needed to develop thrombosis 15) . The predictive value of the presence of aPL in developing thrombosis in a patient is low, and there are few prospective studies in APS. A 10 year follow-up multicenter prospective study of 1000 APS patients was conducted, and about 15% of patients developed a thrombotic event in the first 5 years. The study concluded that it was necessary to search for new markers to prevent the complications of APS, since even though the patients were under treatment, some of them continued to develop thrombosis 16) . For patients positive for IgA aB2GPI only, prospective studies were conducted in patients in hemodialysis 11, 17) and in renal transplant patients 13) . However, only a minority
Definitions
Thrombotic events: Venous and arterial thrombosis diagnosed following Sydney consensus of APS criteria 2) . Current-thrombosis (CT): Thrombotic event that occurred within the 30 days prior to blood collection.
Old-thrombosis (OT): When previous thrombosis occurred from 1 to 36 months before blood collection.
Thrombocytopenia: platelets levels below 140 10 3 /uL Laboratory determinations. aCL and aBGPI antibodies (IgG and IgM) were measured using the BioPLex 2200 multiplex immunoassay system (BioRad, Hercules CA, USA). Antibody levels higher than 18 U/mL were considered positive following the manufacturer's guidelines.
IgA aCL and aB2GPI antibodies were quantified by enzyme-linked immunosorbent assays (ELISA) using IgA-aCL and IgA-aB2GPI QUANTA Lite (INOVA Diagnostics Inc., San Diego, CA, USA). Antibody levels higher than 20 U/mL were considered positive following the manufacturer's guidelines and the 99th percentile of a healthy population in our hospital 7) . Complement factors C3 and C4 levels were measured using Beckman Coulter IMMAGE Immunochemistry System (Beckman Coulter Inc. Pasadena, CA, USA).
Quantification of B2A-CIC levels was performed as previously described 21) . Sera with values of B2A-CIC higher than 21 AU were considered positive. All the procedures were performed in a Triturus® Analyzer (Diagnostics Grifols, S.A., Barcelona, Spain).
aB2GPI-ab with old thrombosis. Thrombotic events (supplementary Table 1 ) must have happened more than six months before the date of blood extraction (mean 782 105 days). Eight patients (8.2%) had an autoimmune disease and are consistent with secondary APS (S-APS). The rest of patients were patients consistent with a diagnosis of primary APS (P-APS). The mean age was 59.1 2.3 years; 40 (54.8%) were male. 70 (95.9%) were Caucasians and 3 (4.1%) were east-African.
Pretreatment: There were no significant differences among patients receiving treatment with immunomodulators, anticoagulants, antiplatelet or antimalarial treatment.
Asymptomatic Control Group (Control group). 50 patients positive only for IgA aB2PPI without APS-symptomatology (any thrombotic or APS-related obstetric antecedents) were recruited. The mean age was 59.1 2.3 years; 10 (20%) were male. All patients were confirmed positive and remained free of thrombotic events from the time of diagnosis. The mean of time free of thrombosis from diagnosis of the presence of autoantibodies was 56.1 4.5 months and the number of determinations of IgA aB2GPI that were made during the follow up period was 7.8 1.4. All of the determinations were positive. Clinical characteristics are described on Table 1 .
Patients with prothrombotic conditions secondary to other factors such as sepsis, homocystinemia, and genetic defects of coagulation factors (thrombin mutations, factor V Leiden, antithrombin deficiency, etc.) were not included. Data of the patients and controls were collected in an anonymized database. visit and all of them were positive (data not shown).
In the 20 patients who completed the follow-up, B2A-CIC levels decreased after the thrombotic event ( Fig. 2A) : mean B2A-CIC at the time of thrombosis was 35.3 3.8 AU and in the reevaluation, it was 20.3 2.7 AU (p 0.002). The percentage of B2A-CIC positive patients two months after the thrombotic event was 35.0% (7/20) , similar to the control group (p 0.224). In the four patients in Group-1 who were negative for B2A-CIC in the first sample (mean 3.8 1.8 AU), significant differences were not observed in the second sample at the time of the follow-up visit (mean 3.1 1.0 AU). A case example of evolution of B2A-CIC in a patient in Group-1 who had a second thrombotic event is shown in Fig. 2B . The patient had suffered a portal vein thrombosis and had elevated levels of B2A-CIC the 2nd day after the thrombosis. B2A-CIC levels dropped by 50% in the 2nd month clinical reevaluation, and while the patient was asymptomatic, they were still positive for B2A-CIC. However, 180 days after the first thrombosis, the patient developed another thrombotic event (deep venous thrombosis) and levels of B2A-CIC increased by 50% compared to the 2nd month post-thrombosis. This was the only patient with recurrent thrombosis during the follow-up.
B2A-CIC in Patients with Thrombotic Antecedents
Mean levels of B2A-CIC in sera of patients on Group-2 (patients who had a thrombotic event more than 6 months before blood extraction) was 14.8 1.8 AU--significantly lower (p 0.001) than patients on Group-1 (first sample) but without significant differences to Group-1 reevaluation samples (2 -6 month after the thrombotic event) or to the control group (p 0.143 and p 0.908 respectively).
Group-2 and the control group showed similar percentages of B2A-CIC positive patients: 17.8% (13/73) vs 18.0% (9/50), p 0.832. Also, Group-2 did not differ from the percentage of B2A-CIC positive patients in Group-1 reevaluation after the thrombotic event (p 0.177).
Multivariate Study
The variables associated with patients with recent thrombosis that were significant in the univariate analysis (Table 1) were included in a multivariate analysis. The odds ratio for B2A-CIC in the multivariate study was 22.7 for recent thrombosis (p 0.001), appearing as a risk factor for thrombosis. The odds ratio for the presence of an autoimmune disease was 0.08 OR (p 0.046, Table 2 ). Sex and age were not significant.
Lupus Anticoagulant
Lupus anticoagulant (LA) is not routinely performed in all patients with a first thrombotic event. They are only done in special coagulation studies in patients with repeated thrombosis or elevated thrombotic risk. In patients who have a first thrombosis, LA is only ordered when the hematologist considers it is appropriate due to clinical characteristics. LA activity was detected by coagulation assays following the guidelines of the International Society on Thrombosis and Hemostasis (ISTH) 22) . We used the HemosIL dRVVT Screen, HemosIL dRVVT Confirm and HemosIL Silica Clotting Time assays (Instrumentation Laboratory SpA, Milano, Italy).
Statistical Methods
Results were expressed as mean standard error or absolute frequency and percentage. In scaled variables with two categories, comparisons were performed using the Student's t -test. Association between qualitative variables was determined with Pearson's Chisquare test incorporating Yates Continuity Correction. P values less than 0.05 were considered significant.
A box-and-whisker plot represents the values from the lower to upper quartile (25 to 75 percentile) in the central box. The median is represented as the middle line into the box. Data were processed and analyzed using Medcalc for Windows version 15.4 (MedCalc Software, Ostend, Belgium).
Results

Presence of B2A-CIC
No significant differences in aB2GPI and aCL antibodies levels (IgG, IgM and IgA) between Group-1, Group-2 and control patients were observed (Supplementary Table 2 ). Levels of B2A-CIC were significantly higher in Group-1 (29.6 4.1 AU) than in the control group (15.1 1.9 AU; p 0.003; Fig. 1A ). 81.8% of patients in Group-1 (18/22) were positive for B2A-CIC. This percentage was significantly higher (p 0.001) than the 18% (9/50) observed in the control group of patients positive for IgA aB2GPI and without any thrombotic antecedent (Fig. 1B) .
Prospective Study
Group-1 patients were followed-up. Twenty patients were reevaluated to quantify B2A-CIC between the second and sixth month post-thrombotic event (four of them were reevaluated a second time in this period). Two patients were unavailable because they did not attend the scheduled follow-up visit. IgA aB2GPI mean levels at the moment of thrombosis did not differ from the levels in the scheduled follow-up
Platelet Levels
The Group-1 mean platelet levels were 182.7 14.6 1000/uL, which was lower than those in Group-2 (229.2 9.0 1000/uL; p 0.010) or in the control group (225.2 8.9 1000/uL; p 0.017). However, no significant differences were observed between the control group and Group-2 (Fig. 3a) .
When IgA aB2GPI positive patients were anaLupus Anticoagulant 52 patients were analyzed for LA according to hematologist criteria: 10 in Group-1 (all were negative) and 42 in Group-2. Six patients in Group-2 (11%) were positive and all of them were negative for B2A-CIC. tion would require additional prothrombotic factors ("second hit"), which are related to immune responses and are still not well known 15) . Therefore, as demanded in recent studies, it is necessary to search for new markers that permit the screening of patients who are really at risk of suffering a thrombotic event 16) . The aCL assay is mainly for the detection of B2GPI-dependent antibodies; however, our patients presented an isolated IgA positivity for B2GPI (negative for IgA aCL). There are several studies showing that positivity for IgA aCL and IgA aB2GPI are independent 7, 8, 23) . The epitopes recognized by the IgA aB2GPI are mainly located in the domains 4 -5 of the B2GPI protein, this region being the phospholipid binding area. When cardiolipin is incorporated to B2GPI, IgA-binding epitopes are not accessible and patients only present isolated IgA aB2GPI antibodies 24, 25) . We have found that patients with acute thrombosis (Group-1) have a higher prevalence of B2A-CIC positive and higher levels of B2A-CIC than in patients with antecedents of thrombosis (Group-2) or patients in the control group. Both prevalence and levels decrease after the thrombotic event. Group-1 patients were reevaluated between two and six months after TEV showing B2A-CIC levels and positive prevalence similar to those in Group-2 and the control group.
The presence of B2A-CIC is not exclusive to patients with a history of thrombotic events. It also appears, but with lower prevalence, in asymptomatic patients. This would suggest that the presence of B2A-CIC would not be directly thrombogenic but would rather behave as an additional risk factor that favors the prothrombotic microenvironment, thus increasing the probability of occurrence of the thrombotic event.
Multivariable analysis shows positivity for B2A-CIC as an independent factor for recent thrombosis and that patients without autoimmune diseases had more thrombosis. This makes sense because of the presence of IgA aB2GPI is more frequent in patients with P-APS than in S-APS 7) . By performing a followup study on patients with recent thrombosis, we have been able to detect a drop in B2A-CIC levels two months after the thrombotic event. In spite of the lyzed according to whether they were B2A-CIC positive or negative, independently of whether they had a current or past thrombosis, or did not have thrombosis, we obtained mean platelet levels of 185.5 9.4 1000/uL for positive B2A-CIC and 234.8 6.9 1000/uL for negative B2A-CIC (p 0.0001) (Fig. 3b) .
In Group-1, 27.3% of patients (6/22) had thrombocytopenia. This proportion was not significantly higher (p 0.07) than that observed in the control group, 10.0% (5/50), or in Group-2, 12.3% (9/73; p 0.18). Nevertheless, thrombocytopenia in B2A-CIC positive patients (in all groups) was 22.5%, significantly higher (p 0.019) than the 7.6% observed in B2A-CIC negative patients in the same groups.
Complement Levels
Group-1 patients had 123.7 7.1 mg/dl and 26.0 2.5 mg/dl C3 and C4 mean levels, respectively, Group-2 patients had 121.1 4.6 mg/dl and 23.7 1.3 mg/dl C3 and C4 mean levels, respectively, and the control group had 113.4 3.9 mg/dl and 22.8 1.0 mg/dl C3 and C4 mean levels, respectively. Mean levels of Complement C3 and C4 factors in all patients groups and subgroups were within the normal range (88 -252 mg/ dl for C3 levels and 12 -75 mg/ dl for C4 levels) and were not significant. Only 1 patient with recent thrombosis had low levels of C4 (Fig. 4) .
Discussion
In this work, for the first time, we have described a high prevalence of B2A-CIC in patients with recent thrombosis and positive isolated for IgA aB2GPI antibodies compared with patients who presented old thrombosis and those without thrombotic antecedents. IgA aB2GPI antibodies are directly thrombogenic but the mechanisms of antibody-mediated thrombosis are unknown 8) . Although the presence of aB2GPI antibodies is a necessary condition, only a small group of patients positive for these antibodies develop thrombotic complications. It has been proposed that the presence of antibodies would generate a prothrombotic microenvironment. Thrombus forma- produce platelet-consumption and even to produce thrombotic events in some patients. Complement activation plays an important role in the pathogenesis of aPL-induced thrombosis. Therefore, hypocomplementaemia is common in APS patients (aPL of IgG or IgM isotypes), reflecting complement activation and consumption 26, 27) , and blockade of the complement system has been proposed as an effective therapy for complex forms of APS 28) . Our finding of normal C3 and C4 levels in patients with anti-B2GPI antibodies of IgA isotype and APS-events is perfectly consistent with the results obtained because IgA does not fix complement 29) . The mechanism by which the aB2GPI antibodies produce pathology is unclear. Some studies suggest that B2GPI changes its conformation after binding to the plasma membrane of platelets and endothelial cells. This would enable B2GPI antibody binding, thus producing endothelial activation 30) , platelet activation 31) and an altered coagulation state 32, 33) , which could, in turn, trigger a proinflammatory and procoagulant state. The presence of the B2A-CIC could help make this activation process more effectively by small number of patients, this decrease is significant and suggests a formation of B2A-CIC during the thrombotic event.
In the analysis of platelets, we observed that the mean levels of Group-1 are lower than in the control group. This may be because they would have been consumed during the thrombotic event. Nevertheless, patients with elevated B2A-CIC levels also have significantly lower means than those in the non-elevated B2A-CIC levels. This may suggest that B2A-CIC would induce a certain degree of platelet activation/ aggregation and might be able to activate platelets to non-significant.
a clinical point of view, if these are corroborated, it may be useful for the diagnosis of seronegative-APS and may help in the decision of whether treatment with thromboprophylaxis would be useful or not. Due to the difficulty of predicting a thrombotic event, this hypothesis needs to be confirmed in prospective studies with an elevated number of patients to determine the B2A-CIC levels pre-thrombosis in more patients and the potentially role of B2A-CIC as a predictive marker.
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increasing the probability of triggering thrombotic events in a complement-unrelated mechanism. Currently, there is no cure for APS and the treatment should be individualized and adapted to the characteristics of each patient 34) . The risk of thrombosis in aPL positive asymptomatic individuals is low but increases with the concurrence of other risk factors such as smoking, use of estrogens, prolonged immobilization, infections, or surgical procedures 35, 36) . In spite of this, at least 50% of patients who develop thrombosis do not have any other risk factor at the time when the event occurs 37) . Asymptomatic individuals with positive blood tests for aPL without other prothrombotic factors do not require treatment 38) . APS patients with thrombotic antecedents are usually treated to reduce the risk of recurrent thromboembolism 34) . The mainstay of the treatment is thromboprophylaxis, usually using Vitamin K antagonists. However, there is no consensus regarding the patient screening criteria and treatment duration because anticoagulant drugs are among the most common medications that cause adverse events 39) . Therefore, in order to select which patients should receive thromboprophylaxis, new biomarkers are needed that would make it possible to identify patients with a pro-thrombotic state and at high risk of clinical events 40) . B2A-CIC identification could be a new biomarker to define the population to be treated at risk of thrombotic events.
Limitations of the study: we have selected patients positive only for IgA aB2GPI and deliberately excluded seronegative and positive patients for other isotypes because they could have been a confounding factor. This makes essential the inclusion of this population in future studies. Also, our population is slightly older because although we have selected all patients with thrombosis during a year, the population of the hospital area is older, as is the population of Spain. Despite this, age was not significant in the multivariate analysis for the development of thrombosis. Another major limitation was that blood samples at the moment of thrombosis were not available.
In summary, IgA aB2GPI antibodies are, per se, a risk factor but they are not sufficient to discriminate the population potentially at risk of thrombosis. We have described for the first time an association among patients with elevated levels of B2A-CIC and acute thrombosis. Notably, B2A-CIC levels become negative 2 -6 months after the thrombotic event. Furthermore, patients B2A-CIC positive present less platelet levels, suggesting a hypercoagulability state by platelet activation. This mechanism seems to be independent of complement. The study of the B2A-CIC may help us to better understand the process of a prothrombotic state prior to the development of an APS event. From 
